(19) H*BB4Wf/f (JP) (12) & ^5 *|# fft ^ $3 (A) (ll)ttttfflMftM** 

#W¥10-186109 

(43)&0HB ¥J^10^(1998)7^14B 



(51)Int.Cl. s 


awash* 


F I 




G 0 2 B 5/02 




GO 2B 


5/02 B 


B 2 9 C 55/02 




B 2 9 C 55/02 


G0 2F 1/1335 




GO 2F 


1/1335 


// C 0 8 J 5/18 




C 0 8 J 


5/18 


B 2 9 L 7: 00 














*»3£ »3R«©*5 OL (-£ 5 H) 


(21)aili## 


*fH¥8-346132 


(7DUKA 


000002093 










(22)tfiKB 


¥/£8^(1996)12/§25H 




rtf f&KttSt 4TB5 #33^ 






(72)»^# 


*P ^— 








AR^SS**«B2TS10#1^ {feStffc 














(72)5S9i# 
























(74)ft3A 





(54) jflK^/W** *<ottft»tt*J:rflKaa*«« 



(57) [gtfjj 

L N -r<7:>.:' U — ^F-tfjfi: £ ( L ) 1 ii mW_h5 0 



A-T'.^ j-T. ltl[H] Vf»J -:Lft''C:-4-^ v l. — v;y.;ff 

L. -'v' 1 - -'''^T-t'jM j- ' l-i 1 ;/ mil. |.7> (I :.- 
mJU'. l^'JftS (in V* 1 /i m;'U-."T\ 7^>^, . lA't" b "7 

M ^ .-' 'U: a.. TV) i u i-.-r-.t'* 1 '; , A:-.' i (7^ ^ . 

L* a. I > * I: & --f: ^ 1 £l t-t b • "7 ( > H h 6 > 7 FT*- ?j 
1 t iliifc'.'.}lj:jft" 7 <-'L A 

.h l o ()".. K-vifi^>J-L-7j !■"-■?:.* Omni, f'l-V. |V>;07i4:^ 

J -.[Hi KiAicftiiifi L ^:^V^fftiWi ^:i^iK ( 
[■feMij./.^iirig^^nii] 
[ i) u <> l ] 

[ ( ) (J ( ) L' ] 

< l c l.) ) >wv.^ i. Y 1- " v 

: / .. f, jlvift 4 J: , W I- t* I > ^r.NML^-,' i i) -'.RK-Ji^WL <: i:» J : 

ftr R r 'i'EJv. ^iW;j'f!f ^.Tt ; :» b •"' i'-V *~:t > 7> 
J^mh f-fv. >/K0 w, ^7:^,/;^ : !- - r U T : TA J t7TH 
<^> *l : fL l : l •-.■r-.f^^^H'l-f tC R T 7lt^ 7 7 f V"T'-- 1 » 

[ o 0 (> 3 ] I. C I i^M^l^i HR '* ^ V/J; M »;h--T 

^:r i;VH.:i:;it : V'/ii-;\. ^M^s -- - 9 'J M - U ' j- 

.C'^viii^. ^//ic. t n ?u^i tv: K-i- 5 VvJ;^>» ; :> ; t 
niirwit>»)irr-' t .'i --'-vcirft]:? -.'^v ; > ■ l — -v 

ieT. o h ! .. T . nflf] 7 1 4 f. 4 o :■: ^-7; ^ 

^^^irmiih-' « 'L7,^ ^ji^tt -ir7v f»i 

i- r Vi.'o;: v -i' r ^c'K ^-U" o .>;vix;HJH n^^L-71 • 

'J ; 

[ 0 0 0 4 ] 

McWJ.Vm^L t -7 L :-i''7^H] L ~ti " '7\7 '7> . t' 

u : ; -- i-tfj^5 Vr^A^Vf^^s - L! l J J ^ L! 71 v7:^ 



(2) ^P^ ^ 10-18610 9 

7^1 it ^ fi'J « i ' ft 7. * l : ^^L>-n..^ |- Sji - 7 ■ v 7. 4 r ■ 
■■/■-T'f t-^'w ' n Sfc. W[!H'^7 - 1 4 * 4 o 3 B-7;y=fi,::fM! 
■j: 7 n -7 : . Y 'i-AU, *' : ^'-^ 1" /^>c > t(-^> 

- -) .'vffj .^;:; ■ in]7 ; i ^ 5 n: 1 > ►. | i;fm 1'^ fL -v^rt 

[ ( ) () () 7) ] 

[mix -i-mw l. "1 ^ ; >^ n m ] ^ * 7- i-^f t:. 

■^il. : t- <e"M ^{ tv^Br^/j'oVf 7> I. f 

:'!!:, JI^\Mi^nr^:^i ^p^ff : i7; /-,7.>s (,-„.•/, [■ i o o 
,, ..:K- ( ft^>/.i:7;T--r 3 Omni, fW. f t ?f 7,£/£ "C -'^^ 

^J-fv I . u ; .". I • '-7, ^in] Vf»] 'r ifV7'<-t-o "TV-ii,?^ 
7 . t-^W];:i- '-</i, 

[o o o 6] "i /.■-l^^^^ ^njjMiV,^ t j-,; n -r 7>, 

(l ) -ttti^fMi ;rr Jf^Vrrf:>^^T^i'tl7WMM - 7 < >i-J*-r'&> 

•■■';*, ftdr>'i 7: itv^-i- Vi»]i7 7 - — "^i' ; <r7, 

v . _--/;,.;, ..j-^jj:.-. \ (i.) , m v; ho o ^ ml"/. f*7. 

•I^Ofe (IV) ,t'i ;i ml J. }-.'7\ ;<J-i"o j<^'/'lt 

(I. 1 rhh"7^. ^ . .iSiS "A: '-''LiLKi: I.* a. 

b • j*-r t^i -f- ^ 1 &'<t7 ff b * - 7 0 \ I h »U 7f ""7 7> 1 

) Jt-: [ l i.Sn:?VV l ^*WflHi*P^.f*:;.L70^'« «»" tl v/, b. 1 o 
u".. K-,iSr- / '/.L-7; b'"7 3 omm f W'U » ^ ?F oil.^'7 -ifiH 
7 .7 u "t" tl.inj.i'Li ( I > ^nL!^^'^;^- 7 y 

(:<> M^d M) A'i.ill^^'^:^-' - A i^-v b.fe,A:^'- / » I. 
ify I'mii:^ 7 "7^ o^W^-v^i^ i /. 17. t;-fc 

Mf] r ..fTlfb-^J'M-b 7. f 
[()(>() 7 ] 

ht^Hli-' r-/L l : 7-"7ft. :j-''J J- f-- T- " ^ 

'^77U7;7, j'SHFjf}.;, !jtl I .'11- ■ 7 ' \ \\\'f) * ► -1" 1 ' ■';--:!:' t ™ 
!■ t 7 L 

[ o o (.» s ] rh^>< > >^\ ^'<t>\"{m j mii\ : i- 7 * 'L--\;i&, 

1: rtdl»l '/I-'] 7ifV <-;t-o Vl'-]i7 " l -'7;',. 'ie-T.-l- 

v ; " L — v .'i.' » >;-^ > % !f-.h :> '!;7^-t- ^J- - L 

"7 ^ fMi^V-T---;-'.viT:1MJia^4: . a.7 f f--rii; f i.\ ^l/ilP'-V-j'- ,','crv ;...$>, 

t ^^^f^i)[^r3 i 7 ^a^;: t: n - ^ -.4 -M^niii 7^-*J - 
^/'IlVn^-n--*:. 7 !:l;t - >7 7 l • - » ■fcfttt'l. . >7 ^ A 

[(mm> •*] *' l — ■< ■■c-'»f.^j.4: ^(t, p^it.'ra-ffl-:.^ '7 b (_ 

5 n ^ miU 7,^ 

'7-h^ : /^>' ;i , 4ft L 7 f ~t - 0 /j mU K-:,t-. 7- 5 0 u 



(3) 



**f$"t : 1 O - 1 8 6 1 U 



ml'ii'! v k t ft k-~'k l k k o "> L C O 

■''Wttllt bV )fl ik*1 t >k . kk'ft -V A Ai I (' " & A: 

i yfk^ k.k^fii '.^o.'.h.M'.v r;?Lf:t^L 

, l.< D-Mfti-^feW; IV'OTI ok: 1 ' :';/•* L ! \ ;5 
A: ' 1 tV tk rP.) : - - -'V > 1 r -kj j. : ^; L - 

k-kjffe k "I ttd >t » # ]■••; ; i it - I ■ k K ■> ■ * i - k 'L_' • * . 
<k i .« mUk r^^f^ : #(t J^/cL * ( i-/*; 

Hf]' 7 ^:;^"" 7 f 'L ' ^ - f 1, ^^-I^Jlc.^ (L) ,> 
1 u miV. I.o 0 „ mikhk *' : — "O.' >.*(■■# J*!? ([)) .V 1 
,/ ml''. hT'^k .'Wk'-A-k-k^i-iA ..'»i:L M., I k> /,* 

i ru-.-r*. 

[ o o i o ] ^ : - Mti^kjni'ir: *. kk y'<, ^ - - 
</> k* mikfiki-kkkk-'' k^ a ^ EiVfn]^u-^i^::^:^ 
p.*Mk;.L".'J-." s ii"oi'kl: 1 0 n KirS-.' >J.l- k KT 
7iE^i"t" "-:= - "r T *' - v *"k 'fe^o-ti- k :. ^kkk, 

2kFk:i\'£ i) mm. ~-"-r fctw--*- k i u r v l - 
I- -v//;V:i> l . rS^^'friA vii^^r v z i; ;'/•-■: ^ ;:, t n 

[on i i] k t ^'^ kfk;: t frtk (&kk ■/</(kk 
^ s'ifc;!l : ,i-i--r ( ti'r.L*r* ji, I.* a* b* ^fe^^'t^fi-ff 1 b 

* ( J ] S Z 8 7 2 9 ) k£ L "Ck k 0 -tft/J • 6 k'. 
il.TVr kH k, 

4 o ".UT'ku.t^ilt/i: v 
[oo i J >] u<tw\-.' viT:^),". h 
- : .* t:- y - , kj ri -r k mi^ k 4 ; :. k - ir ;v - : ^ ( 

k/k k k ■»ni 1 i£-:->. k, '^->k;: l kfS^^-^k kik 
^■k^c.^vMi k'^kfi'k- k- k ; :> - l - ^ o/"-.^'' 
i| k:i;k f.jTiitr. i.ftzi'ii f Vi J . i ^ i' ^ 

-^-1-.:- v---^r i' ■/.;{]] i, fc, n o , ; m ■ 2 5 in":- r - • 
/ |- Lk^k. [M] I ' ] <. } iifi\iS >i~£ j * l X U " ■ » i ' U * ■] 
■/'-tk ui1-'ki f k',,Ti. k ( b* ir.- k + 0 . 5kkk^J 

Hkirkf^k.ft k<cf>n;:i--i ^:k '' ^— -'•].•; t 

■k ! W. kkU:. '^Hlffirt . :* O <■ m ■ L' ri c m.'->#;ff/" f •' -'L 

[mi 1 4 ] U^mr'^Lftr ' t- y k t".fW ktk''» t 
tut riniiifiLli'ftkl- "•:= u ;c t. --/r , ik,^/; ikjSiW / » i m i^i 
tfcA~t-v " u k, ffifl 7 /"' i 'L A r !-.{W^IV^kiH] 

;r.ftd-K L--THU }&n^-' i- tfiiic^^pmiili 

^-ff k-kk r. h k-;# k, ^J-kit. ik^mik^klk;^-' 

i:fVr^k/: ; ^ m [^jlk<A-;: V • !'^— i iff 
!ti:kK:*k ik, ^A:^'^#-t^Klh^-k7kV'i' 



[fii ; z t ^ ^ [in -. . :V l y 4 >t i'^LHt w k ^ ^ ^ •'■ 

- rw-k. .^fSft:^^^' ^W^^k; k/v#t[>kihl^ ->/fi 
/;Vk^v;. (ri.-T'.} : k r l 1" :: V .1 1 : ¥i k' ;ff ' JjV; L r^i 

I'M^fV:^-' ■•■ 'i -i^ V Mi*i i'r ,k ^ . f- M i k * 1 / 

^>rk? il-.W ■V'fWiV: Lk: i) -c k n t kTk k, t- , k^HJ] 
' 'i A;). L ---r — -j :3 ; f[iY ;k ^ L X I ^CL » 

irk L : rtiiv k'kk i: -'»;:fidfft-t k^kf t kf^k:^k. ; ' k 

[(Ml 1 5 ] 

;:k^i:^-tk,: k^rk l^" - k 
u ;:. t: ti ^ t \ki t k^iv^[^./k^^k'^^-r k - k^t^ k c 
[no l ri ] 

['^*H1 k, 'kMiHi:.l:-:'k^^;'f^^j'-i^ w vi, :^ 
^f'J](-t r.;fi;ipi^kii k k<7'-C^k^ \ k:^;. ^fiftif-trk 
s*:h'd;-: u'"t:. t fkic!'/' 1 1 ) l - -'.V » ^ t r; ; 
teK Lk'£. Ci) *fttl](t, ] 5 < :-'-f-t- 

1' -kill "i ; ? . n c m ■ 2 f. l m'/'fAlft" <A 4 

■/-. { 

mi : k'k^J.m^ :i.;> V Y I IMK ) I 'J 1M.) L N 1 

k .. nit.#D kMk \ rlikk.k.i-^.u 4 n offk^kkk 
k 1 o n // m • in 0 // \ni.OmiW\'^A L „ 5 $'kkkk.o 
kikfirr-r /k^ l /1, 

(L 1 ) WW" ' 'i- 1/ > tk ^.klu'i ^ V^^i^cft- ( i'v- 
(ft;) ^H^ikr^) kktji •■■:,tJ'i:.L'k, i.--a.b 

* £tk-f ( J I S Z 8 7 2 9 ) k k L k. 

-'.'^^ -t".i.-- -VkiAS^Svil:^) k)i]i ''k/f'kkl 

i4) l n-.'-iEifi^A <ii%z<.' >mri ■. sin - v i'^-.'-i. 

C P (n ; (t il jlli 17. S , I; 4 n c 1 . S 

7. [4 n ( n. D 3 '?.^k il 'im MkVkk'-' 'iki^( t 
X ^' / /kkvki x , v 0. JiMvl . 0. :-;irt5~> ) 
H£.;f! '.. k i : 
ir v i 1. r 1)'''^/^; t: n-fc/s-v .iini'.ir : ^fJSk^/i -r-itnj ;/l 
. • / v -- / . :.Mi'IM)2imi(i kivvy; k ;|^:) fi) i t; 

[ n (.» 1 7 ] K-hhiiH 1 
,Vk1'] : V- v ■>•--■ . v /k, : 1: • "kr'k' ' k- 1 '- - /.• > 1 4 n 
m<'<k " - Y — ; ~ ' 1' Ji J •» k , : -I'- ilWZ- I ^ M 
H-yV^-J. fMiun, k-:' 1 *> ;'■ 3 . Of^k "IftviD^M L 

^ — ■k^'f^-J^k 7 w m . Wmi \ f i in . «fifli:j 
U %'Oir;;f]V-- T / 'L-,'s^^;.nk. fc^iil.. 8 4. 3 
6 , a * O . 12, b * 2 . 9 t : > ' :.(>»• k> 1' /L- ^» 

^gdffi] ^rte/j'L c ln".J- l' >/|r-](c^5 t ■:»(: IifW.'t^t^' 



(4) 



^m^V- 10-186109 



.t !l j/ii L : 



x. 8°.., - > V ^ y Niif-ii'ii l s . l N K4. 6, Y 

w. 9 -: ,^ o m V\ t% a -* i) ^ •/) ; o /;-. , & m - j ^ - < ± ( 

>. , y ) --< 0.29787 , 0 31811* ) X •» fU^t* ^ ful8S 

[00 1 s ] 'fc:JK»f*J 2 
?'t>3iJ=V-V.-',:r < : '><}■[-. I; - '"Cf'K-M frWt.'j* 7 0 m 
u / -r-/L- ^ v o l — f- v < /L-ix £\ •*->'- ^ — j&d 
t <9 8 0 C : 1 2 mm/ f'l' C 2 . 0 f^Jr_ L 7t : 



L ■—;/.■,/ >]p^j j.-. ,\ 2 0 u m , -^^Jte; 1 /; m. 



2 5 



^.-/'My-"' f /U^/W^f f.n^. c ML. 7 7. 5, a* 
(> . 2 0, b» 0 . 75 Vh^f'a n < " ; 1* .'l- ^ irfid[n];fe* 
/i;,^L C i:un.h'f-";'j|nlM^^ J: 9 ir.iif&rtt'it'/'TSil'BLl 

t' ] B": ;^ ( : * ; it >;> II [iumm o > i& F b J* .7 > -4: \ £ £- ffl'J L 

°.. . h "7 7 * I- { iiF.ffri 13. 8 , i:. 3 . 2 , T 3 . 1 

) -( 0.29523. 0.31712) X'tb ^-tti-^lHli^ 

[ 0 0 1 9 ] ttftf'ij 1 

UrM^r-v ' 7 -'r -Y : E fc r fCK-h ^J?^:i> l 4 o u 

m 'i :>7 — ;K : r 1' /i ^ r >■ V— J: ^ E 



'SHl8il> 3%6 r >frj;fft-' < ^ hilfz* 8 4. 

8 3, ;i*0. 03, b*8. 7 3'^)-.'/: 0 H^'W^l- 

A^fefti] l .bMt.KrJdK 1, iluiu^ .LTJ1-.T4 0° h 
cm : i ; - f- v x ;- t; ^ L f:. 3ft , f ] ^ r ; ( c ^ ; ( + 5 ii: mi 
Hltliit'ziiilW^ 1 7 5 . 8%, rav J-. x h rtiHimi 
3 . 8 , h 3 . 2 , f 2 . 1 "c-^> ") m #] ; ^ o 

/"', fi-^^CTifeJTfrf-ti x , y ) =( 0.30956 , 0.32959 

) v ^) g & ^ % & v : Rfl sa r* ^ o c . 
[0020] itnn 2 

■&$\*c-\'^^ i i '^^aotf^.ll^!^^ 1 4 0 u 

mcr--^" ^7 — j^'-f-- h "; ? ^yL^^, -7- ^ - ;-v — j :_ J: 19^?^ 
n: 1 . o HSMAro t otc^lo^c), lS;^f6i(.:'M/j4'-^ 

£ 1 . 1 mm, ^'-*0rtM 1 0 y m, frffli 4 (, ^:»"' -i 
Ml.*9 5. 8, a*-0. 18. b 
* 0 . 5 2t ifc o , m y 4 'MMW 1 t iMl^tCfifi 

{St L . j!:Sf^i«tr; : Jr. r 4 o° ,W(/>n:' !^; ; - 

1 % . :.i >' h -7 h (i lEffi 17. 9 , ± 1 . 9 , fO. 

(i( x , y ) =( 0.29505 , 0.31685 ) 'Z-foVVfiMtefr 

[0 0 2 1 ] 
[^1 1 



[0 0 2 2] 
[^2] 





iEBff 


±4 0° Jjfa 


T4 o° Xtfn 


war 


m 

mm 


CR 


mm 


m 

mm 


CR 


a 

mm 


mm 


CR 




100 


5.6 


17.9 


4.3 


2.3 


1.9 


3.1 


3.3 


0.9 




68.8 
74.5 


3.8 
5.4 


18.1 
13.8 


12.4 
10.0 


2.7 
3.1 


4.6 

3.2 


11.6 
8.5 


3.0 
2.7 


3.9 

3.1 


Jfctf5«2 


75.8 
95.1 


5.5 
5.3 


13.8 
17.9 


8.0 
4.1 


2.5 
2.2 


3.2 
1.9 


7.5 
2.9 


3.5 
3.1 


2.1 
0.9 



4#fJH 1M 0 - 1 8 6 1 0 9 





x , y ) 




0.29491 , 0.31655 




0. 29787 , 0. 31819 
0. 29523 , 0. 31712 


Jt*Wl 


0. 30956 , 0. 32959 
0.29505 , 0.31685 



im 1 1 feS7 ^ /^^ S T L C D(/)J:lif^i 

im i ] 




[1*12] ^L A^sTN^icnt/) hii»(/) v 

i tefftvv/ui, 

4 S T N - L C D^^^/U 

6 r^Ttfc 

8 s<y?^"( hv'X^^ 



[032] 



(19) Japan Patent Office (JP) 

(12) Publication of Patent Application (A) 

(11) Publication Number of Patent Application: 186109/1998 
(43) Date of Publication of Application: July 14, 1998 
(51) Int. CI. 6 : 

G 02 B 5/02 

B 29 C 55/02 

G 02 F 1/1335 

//C 08 J 5/18 

B 29 L 7/00 

I dent if icat ion Number : 

Intraoffice Reference Number: 

FI 

G 02 B 5/02 B 
B 29 C 55/02 
G 02 F 1/1335 
C 08 J 5/18 

Request for Examination: not made 

Number of Claims: 5 OL (5 pages in total) 

(21) Application Number Hei-8-346132 

(22) Application Date: December 25, 1996 
(71) Applicants: 000002093 

Sumitomo Chemical Industry Co . , Ltd. 
4-5-33, Kitahama, Chuo-ku, 



1 



Osaka- shi , Osaka- f u 

(72) Inventors: MIZUGUCHI Keiichi, SAKAKURA Kazuaki 

c/o Sumitomo Chemical Industry Co., Ltd. 
2-10-1, Tsukahara, Takatsuki-shi, 
Osaka- f u 

(74) Agent: Patent Attorney, KUBOYAMA Takashi (other 1) 

(54) Title: 
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(57) Abstract 

[Problem] To provide a film having a large effect of improving 
a visual angle to a liquid crystal display device, which can 
be inexpensively and easily manufactured. 

[Means for Resolution] This diffusion film is a uniaxially 
oriented amorphous thermoplastic resin film, characterized in 
that it has craze in the direction intersect ing perpendicularly 
to the oriented direction so that the average length L of the 
craze is from 1 |um to 50 |j.m both inclusive, the average width 
D is 1 ]xm or more, and the ratio (L/D) of the length to the 
width is 1 or more, and the chromaticity of transmitted light 
is from 0 to 6 both inclusive when the color coordinates in 
L'a'b' color specification system is b' . The diffusion film 
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is disposed in the liquid crystal display device. 
CI a ims : 

1. A diffusion film, which is a uniaxially oriented 
amorphous thermoplastic resin film, wherein the film has a 
craze in the direction intersecting perpendicularly to the 
oriented direction so that the average length (L) of the craze 
is from 1 |Lim to 50 |jm both inclusive, the average width D is 
1 nm or more, and the ratio (L/D) of the length to the width 
is 1 or more, and the chromaticity of transmitted light is from 
0 to 6 both inclusive when the color coordinates in L'a'b' 
display system is b' . 

2. The diffusion film according to claim 1, wherein the 
haze value is from 20% to 40% both inclusive. 

3. A manufacturing method for the diffusion film as 
claimed in claim 1, wherein amorphous thermoplastic resin is 
uniaxially drawn at a deformation speed of 30 mm/second or lower 
under the stress of 80% or higher and under 100% of the yield 
strength . 

4. The manufacturing method for the diffusion film 
according to claim 3, wherein unaxial drawing is lateral 
drawing us ing a tenter method . 

5. A liquid crystal display device, wherein the 
diffusion film as claimed in claim 1 is disposed on the upper 
surface or the lower surface of an upper sheet polarizer. 
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Detailed Description of th p Tnvfintion: 
[0001] 

[Technical Field to which the Invention Belongs] 
This invention relates to a diffusion film used in a 
liquid crystal display device and a manufacturing method for 
it. Further the invention relates to a liquid crystal display 
device improved in visual angle characteristic by disposing 
the diffusion film. 
[0002] 

[Prior Art] 

A liquid crystal display device (LCD) has been widely 
applied to a word processor, a notebook-sized personal computer, 
a monitor and the like, because it is thin, light and low power 
consumption. Both the active matrix drive type LCD and simple 
matrix drive type LCD have been technically improved heretofore 
to attain image quality superior to that of CRT in the case 
of being seen from the front. On the other hand, however, in 
the case of being seen obliquely, the visual angle 
characteristics such as lowering of contrast and change of hue 
are insufficient as compared with those of CRT, so the 
improvement on this point has strongly demanded. 
[0003] 

The improvement on visual angle of the LCD has been 
performed in various methods, and as the methods, cited are 
a method in which an image in the frontal direction is expanded 
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in all directions by a micro-lens, a method in which as 
disclosed in JP-A-8-2 92322 , an optical film having directional 
dependency is used for scattering to enlarge the visual angle 
by scattering. Further, as a method for generating crazes 
uniformly oriented in a thermoplastic resin film, JP-A-7- 
146403 discloses a method in which a thermoplastic resin film 
is brought into contact with a blade to generate crazes parallel 
to the molecular orientation. 
[0004] 

[Problems that the Invention is to Solve] 
Although the method using the microlens and the method 
described in JP-A- 8-2 92 322 are effective in any mode of LCD, 
high-grade technology has been required in industrial 
production, and it costs relatively high, so these methods are 
not always satisfactory. The film disclosed in JP-A-7-14 6403 
is suitable for use in the visual angle control (privacy filter) 
in which it becomes opaque in the oblique direction because 
of its large craze size, but it will not produce the effect 
of widening the visual angle of the LCD. 
[0005] 

[Means for Solving the Problem] 

In order to solve the problems, the inventors of the 
invention have earnestly examined on a film, which can be 
manufactured inexpensively and easily and has a large effect 
of improving the visual angle of the LCD, to find that amorphous 
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thermoplastic resin is uniaxially drawn at a deformation speed 
of 30 mm/second or lower under the stress of 80% or higher and 
under 100% of the yield strength to obtain a diffusion film 
having crazes of a specified shape in the direction 
intersecting perpendicularly to the oriented direction, and 
the diffusion film has a large effect of improving the visual 
angle of LCD. Thus, the inventors have made the invention. 
[0006] 

That is, the invention is as follows. 

(1) A diffusion film, which is a uniaxially oriented 
amorphous thermoplastic resin film, is characterized in that 
the film has a craze in the direction intersecting 
perpendicularly to the oriented direction so that the average 
length (L) of the craze is from 1 \im to 50 \xm both inclusive, 
the average width D is 1 p or more, and the ratio (L/D) of 
the length to the width is 1 or more, and the chromaticity of 
transmitted light is from 0 to 6 both inclusive when the color 
coordinates in L'a'b' display system is b' . 

(2) A manufacturing method for a diffusion film as 
claimed in claim 1, is characterized in that amorphous 
thermoplastic resin is uniaxially drawn at a deformation speed 
of 30 mm/second or lower under the stress of 80% or higher and 
under 100% of the yield strength. 

(3) A liquid crystal display device is so constructed 
that the diffusion film as claimed in claim 1 is disposed on 
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the upper surface or lower surface of an upper sheet polarizer. 
The invention will now be described in detail. 
[0007] 

[Mode for Carrying Out the Invention] 

As the amorphous thermoplastic resin film used in the 
invention, cited are polycarbonate, polyarylate, polystyrene, 
polymethyl methacrylate and the like, but polycarbonate is 
preferable in respect of transparency and workability. 
[0008] 

In these amorphous thermoplastic resin films, craze is 
generated by the action of stress exceeding the critical stress. 
The craze is generated in the direction intersecting 
perpendicularly to the oriented direction by uniaxially 
drawing the amorphous thermoplastic resin film. As elements 
exerting an influence on the size, shape and density of the 
craze, cited are drawing magnification, drawing temperature, 
deformation speed, a molecular weight of resin and the like. 
In manufacturing the film, when micro-defects are made in the 
film surface by adding a filler or plasticizer, or performing 
ultraviolet irradiation or corona treatment, the 
manifestation and size of the craze change so that the optical 
characteristics also change. 
[0009] 

The average length of the craze should be 50 jam or less 
not to exert a bad effect upon the image quality of high precise 
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LCD, and preferably 20 |om or less. When it exceeds 50 jam, a 
rough surface is found in a display, which causes lowering of 
image quality of the LCD. In the case where white light enters 
a diffusion film, blue light with a short wavelength 
particularly is scattered so that parallel transmitted light 
sometimes becomes yellow. This is a phenomenon caused when 
the size of the craze is small equally to the wavelength of 
visible light, which causes lowering of visibility of the LCD. 
That is not preferable. In order to prevent coloration of the 
transmitted light, the average length and average width of the 
craze should be enough larger than the wavelength of the visible 
light. If 1 urn or larger, there is little influence. That is, 
the craze of the diffusion film of the invention is such that 
the average length L is from 1 \xm to 50 jam both inclusive, the 
average width D is 1 \im or more, and the ratio (L/D) of the 
length to the width is 1 or more. 
[0010] 

Since the craze is an orientation phenomenon, the size 
of the craze is influenced by the magnitude and time of applied 
stress and the temperature. The craze can be manifested by 
drawing under the stress from 80% or more under 100% of the 
yield stress, and the craze can be enough grown by drawing at 
the deformation speed of 30 mm/second or less so as to enough 
reduce coloration of transmitted light. To be concrete, the 
drawing stress and deformation speed are controlled to the 
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above region by the drawing temperature, drawing magnification 
and drawing speed. 
[0011] 

By the above method, the degree of coloration (yellow) 
is measured by a color meter, and when it is expressed by color 
coordinates b' (JIS ■ Z8729) of the L'a'b' color specification 
system, a film with the value of 6 or less is obtained. If 
the value is 6 or less, lowering of visibility of the LCD is 
allowable . 
[0012] 

As for the haze of the diffusion film, although 20% or 
more is needed to obtain satisfactory scattering for improving 
the visual angle of the LCD, the haze should be 40% or less 
to secure the luminance and not to lower the contrast. 

[0013] 

Since the diffusion film of the invention can be 
manufactured by drawing, a homogeneous and large area can be 
easily obtained. As the drawing method, both the roll-to- 
roll drawing method and the tenter method can be adopted . Since 
the lateral drawing method using the tenter method can apply 
large force continuously and stably, it is suitable, and it 
has excellent homogeneity. For example, in the case of cutting 
the film with a tip to 30 cm x 25 cm corresponding to the 15 
inch monitor size, the homogeneity can be obtained with the 
in-plane haze varied within ±2% . As for b' , the homogeneity 
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can be obtained within ±2. In the invention, the length and 
width of the craze, chromat ici ty and haze are respectively the 
average values from measurement s on four corners and the center 
of the diffusion film of 30 cm x 25 cm. 
[0014] 

The visual angle of the liquid crystal display device 
can be improved by disposing the diffusion film of the invention 
on the upper surface or the lower surface of an upper sheet 
polarizer. In the case where the diffusion film is disposed 
on the upper surface of the upper polarizer and used, an 
additional function can be given to the surface of the diffusion 
film. For example, a transparent protective film for 
preventing damage may be stuck to the surface of the diffusion 
film as the outermost surface, or a hard coat layer for 
preventing damage may be provided thereon. Further, in order 
to prevent reflection of external light, it is also possible 
to form an antiglare layer where fine projecting and recessed 
parts are formed to cause irregular reflection of external 
light, or an antiref lection layer formed by a multiplayer film 
of a dielectric thin film. Further, it is also possible to 
stick a transparent protective film where an antiref lection 
layer is formed or form an ant iref lection layer on the hard 
coat layer. In the case where the diffusion film of the 
invention does not manifest the retardation value, or even if 
so, the diffusion film is disposed with the orientation 
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direction parallel to the absorption axis of the upper sheet 
polarizer or intersecting perpendicularly thereto, the 
diffusion film can be disposed on the lower surface of the upper 
polarizer, and irregular reflection of external light caused 
by the diffusion film can be reduced. 
[0015] 

[Advantage of the Invention] 

According to the invention, the diffusion film can be 
easily industrially manufactured, and the visual angle of the 
liquid crystal display device can be improved by disposing the 
film. 
[0016] 

[Embodiments ] 

The invention will now be described in detail by 
embodiments, but the invention is not limited to these. The 
evaluation is performed by the following methods. The 
following (1) length and width of the craze, (2) chromaticity 
and (3) haze have been measured on the four corners and the 
center, five points in total of a diffusion film 30 cm x 25 
cm corresponding to the 15 inch monitor size, and shown by the 
average value . 

( 1 ) The length and width {\xm) of the craze of the diffusion 
film: With an optical microscope { OPT I PHOT 2 - POL , manufactured 
by Nikon) , a range of 100 |im x 100 |im is observed at the 
measurement points at the magnification of 400, and the length 
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and width are shown by the average value from measurements on 
the five points. 

(2) The chromaticity of the diffusion film: With Shimazu 
self-registering spectrophotometer (UV-2200, manufactured by 
Shimazu Corporation) , the chromaticity is measured, and shown 
by L'a'b' color specification system (JIS Z8729). 

(3) Haze of Diffusion Film: With the haze meter 
(direct-reading haze computer, manufactured by Suga Tester 
Corporation) , the haze is measured. 

(4) Confirmation on the visual angle improvement effect 
of LCD: With LCD of STN type (the contrast is 17.8 on front, 
1.8 at 40° on upper side, and 0.93 at 40° on lower side, and 
the chromaticity of white display on the front is (x,y) = 
(0.29491, 0.31655) in XYZ color specification system), the 
confirmation is performed. 

(5) Measurement of luminance and chromaticity of LCD: 
With an instantaneous multi-photometry system (MCPD 2000, 
manufactured by Otsuka Denshi Co. Ltd.), the luminance and 
chromaticity are obtained. 

[0017] 

Embodiment 1 

A polycarbonate film 140 (am thick obtained by a solvent 
casting process is uniaxially drawn to be trebled at the 
deformation speed of 25 mm/second at 168 °C by the tenter method. 
Thus, a diffusion film having the craze with the average length 
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of 7 [im and the average width of 1 |im, and the haze of 30% is 
obtained. The chromaticity is L'84.36, a' 0 . 12 , b' 2 . 96 . The 
film is disposed on the upper surface of the upper sheet 
polarizer so that the orientation is in the vertical direction 
of the LCD, and concerning the front and directions of 40° on 
upper and lower sides, the contrast and lowering of front 
luminance and change of chromaticity in white display are 
measured. The results are that the front luminance in white 
display is 68.8% of that in its unused state, the contrast is 
18.1 on the front, 4 . 6 on the upper side and 3.9 on the lower 
side, from which an effect of improving the visual angle is 
found. The chromaticity of white display is (x, y) = (0.29787, 
0.31819), so it is found that no problem is caused in 
visibility . 
[0018] 

Embodiment 2 

A polymetha cry late film 7 0 ^m thick obtained by a solvent 
casting process is uniaxially drawn to be doubled at the speed 
of 12 mm/second at 80 °C by the tenter method. Thus, a diffusion 
film having the craze with the average length of 20 |um and the 
average width of 1 |am, and the haze of 25% is obtained. The 
chromaticity is L'77.5, a' 0 . 2 0 , b' 0 . 7 5 . The film is disposed 
on the lower surface of the upper sheet polarizer so that the 
orientation is in the vertical direction of the LCD, and 
concerning the front and directions of 40° on upper and lower 
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sides, the contrast and lowering of front luminance and change 
of chromatid ty in white display are measured. The results 
are that the front luminance in white display is 74.5% of that 
in its unused state, the contrast is 13.8 on the front, 3.2 
on the upper side and 3 . 1 on the lower side, from which an effect 
of improving the visual angle is found. The chromaticity of 
white display is (x, y) = (0.29523, 0.31712), so it is found 
that no problem in visibility. 
[0019] 

Comparative Example 1 

A polycarbonate film 140 \xm thick obtained by a solvent 
casting process is uniaxially drawn to be 2.5 times at the 
deformation speed of 46 mm/second at 163 °C by the tenter method. 
Thus, a diffusion film having the craze with the average length 
of 15 \im and the average width of 0.5 |j,m, and the haze of 25% 
isobtained. The chromaticity is L' 8 4 . 83 , a' 0 . 03, b' 8 . 73 . The 
film is disposed similarly to the embodiment 1, and concerning 
the front and directions of 40° on upper and lower sides, the 
contrast is measured. The results are that the front luminance 
in white display is 75.8% of that in its unused state, and the 
contrast is 13.8 on the front, 3.2 on the upper side and 2.1 
on the lower side, from which an effect of improving the visual 
angle is found. The chromaticity of white display is (x, y) 
= (0.30956, 0.32959), so encountered is the problem that 
yellowing is caused. 
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[0020] 

Comparative Example 2 

A polycarbonate film 140 \im thick obtained by a solvent 
casting process is pulled to be 1.01 times at room temperature 
by the tenter, and brought into contact with ethanol while 
tension is applied thereto in the lateral direction. Thus, 
a film having the craze with the average length of 1.1 mm and 
the average width of 10 (am, and the haze of 4% is obtained. 
The chromaticity is L'95.8, a' - 0 . 1 8 , b ' 0 . 52 . The film is 
disposed similarly to the embodiment 1, and concerning the 
front and directions of 40° on upper and lower sides, the 
contrast is measured. The results are that the front luminance 
in white display is 95.1% of that in its unused state, the 
contrast is 17.9 on the front, 1 . 9 on the upper side and 0.9 
on the lower side, from which an effect of improving the visual 
angle is not found. The chromaticity of white display is (x, 
y) = (0. 29505, 0.31685), so it is found that no problem is caused 
in visibility. 
[0021] 
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CR: Contrast 



Luminance: Relative intensity taking the luminance of front 
white display as 100 when the diffusion film is unused. 



[0022] 


Table 2 
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Embodiment 1 
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Brief Description of thfi Drawings: 

Fig. 1 is a sectional view showing the case where a 
diffusion film is disposed on the upper surface of an upper 
sheet polarizer of STN type LCD; and 

Fig. 2 is a sectional view showing the case where a 
diffusion film is disposed on the lower surface of an upper 
sheet polarizer of STN type LCD. 

[Description of the Reference Numerals and Signs] 

1: diffusion film 

2: upper sheet polarizer 

3: upper phase plate 

4 : STN-LCD panel 

5: lower phase plate 

6: lower sheet polarizer 

7 : condenser lens sheet 

8: backlight system 



17 



